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ABSTRACT

Cladistic analyses based on morphology were conducted to test for monophyly, estimate the phylogenetic relationships among the taxa of
Chaetolepis, and generate the first comprehensive taxonomic revision of the genus. Prior to this study the genus had included species from
Andean South America, the Guayana Highlands, Costa Rica, Cuba, and tropical West Africa. As traditionally delimited, Chaetolepis is not
monophyletic because the Cuban species, C. cubensis, is more closely related to outgroup species in the genus Tibouchina. Based on discor-
dant morphological characters such as foliar trichome details and seed morphology, C. cubensis is here treated as a Tibouchina, the genus to
which it had been transferred by M. Gomez in 1894. Chaetolepis is treated as a monophyletic genus of 11 species distinguished by 4-merous
llowers, isomorphic stamens that lack prominent pedoconnectives and appendages, apically setose 4-locular ovary, capsular fruits, and
cochleate seeds. Chaetolepis alpina var. latifolia is relegated to synonymy of C. alpina because it lacks consistent distinguishing characters,
and C. thymifolia is synonymized under C. anisandra. The West African monotypic genus, Nerophila gentianoides, is tentatively shown to be
congeneric with the Central and South American species of Chaetolepis based on morphology. If molecular data confirms this disposition of
N. gentianoides by Jacques-Félix, it will become the only genus of Melastomataceae with a trans-Atlantic distribution. A biogeographical
analysis based on the phylogenetic results suggests that Chaetolepis originated in the Colombian Andes and possibly the Sierra Nevada de
Santa Marta, with independent dispersal events to Costa Rica, Venezuela, and tropical West Alfrica.

RESUMEN

Se llevaron a cabo Analisis cladisticos basados enmorfolagia para probar la monolfilia, estimar las relaciones filogenéticas entre los taxones
de Chaetolepis, y generar la primera revision taxonomica completa del género. Antes de este estudio el género habia incluido las especies de

los Andes de América del Sur, las tierras altas de Guayana, Costa Rica, Cuba, y tropicales de Africa occidental. Como se ha delimitado tradi-

conalmente, Chaetolepis no es monofilético ya que la especie cubana, C cubensis. esta mas estrechamente relacionada con la especies del

grupo externo del género Tibouchina. Se trata aqui en base a caracteres morfologicos discordantes como los detalles de tricomas foliares y
morfologia de la semillas como una Tibouchina, C. cubensis, el géneroal que habiasido trasladado por M. Gomez en 1894. Chaetolepis se trata

“0mo un género monofilético de 11 especies que se distinguen por sus flores con 4 pétalos, estambres isomorfos que carecen de pedoconnec-

'Ios prominentes y apéndices, los ovarios apicalmente setosos 4-loculares, frutos capsulares  coclen | __
es distintivos constantes, y C. thymifolia se sinonimia a C. anisandra. El género

ente demostrado ser congenérico con las especies centro y sudame-

y semillas cocleadas. Chaetolepis alpina var.

latifolia se sinonimiza a C. alpina porque carece de caracter

monotipico de Africa Occidental, Nerophila gentianoides, esta tentativa i it v |
ficanas de C haetolepis basado en la morfologia. Si los datos moleculares confirman esta disposicion de N. gentianoides por Jacques-Felix, sera

I 1 . . Qe * . - .l Y
el inico género de Melastomataceae con una distribucion transatlantica. Un anilisis biogeografico basado en los fes“lmj‘?sdfl Oge‘f?[l(fﬁs
sugiere que C haetolepis se originé en los Andes colombianosyy, posiblemente, la Sierra Nevada de Santa Marta con eventos de dispersion in-

dependientes a Costa Rica, Venezuela, y Africa occidental tropical.

Chaetolepis Miq. (Melastomataceae) is a small mostly neotropical genus of montane shrubs and subshrubs

(rarely annuals). As interpreted here, it consists of 11 species thatare readily characterized by 4-merous, diplo-
k well-developed pedoconnectives,

?

#-locular, apj - 1 ds with a testa th
.apically setose ovaries, and cochleate see | |
imerdigitating cells. The genus, as it has been circumscribed in the past, has included species of Andean South

America, the Guayana Highlands, southern Central America, and Cuba. Recently, l.hf monotypic gE'-nus
Nerophilg Naudin, from west tropical Africa was transferred to Chaetolepis (Jacques-Félix 1995). No previous

Study has attempted to evaluate Chaetolepis or Nerophila. Becau |
fate assemblage of taxa referred to Chaetolepis had never been evaluated,

lltlu.m.tuum):m-m. 2013
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The primary goals of this study were to determine if Chaetolepis is monophyletic, assess the phyloge-
netic relationships of the constituent species based on morphology, and evaluate character evolution by using
cladistic techniques. A taxonomic revision is provided that includes detailed descriptions of all recognized
laxa, scanning electron microscope images of seeds for selected species, a summary of known chromosome
numbers, information on habitat and geographic distributions, flowering phenology, distribution maps, il
lustrations of all recognized species, citations of specimens examined, and a list of excluded taxa. This was
supplemented by limited field study of four species in Costa Rica, Colombia, and Venezuela.

Iribal and Generic Affinities.—Chaetolepis belongs to the tribe Melastomeae, the core members of which
are characterized by cochleate seeds with a testa that is tuberculate or papillate, a crown of trichomes or ap-

pendages on the ovary apex, and the presence of staminal pedoconnectives (Renner and Meyer 2001; Freire-
Fierro 2002; Michelangeli et al. 2013). Based on overall morphological similarities, Wurdack (1973) hypoth-
esized that Chaetolepis is most closely related to Tibouchina Aubl. No cladistic analyses or molecular data,

however, had been used 1o assess the possible sister relationships of Chaetolepis. Other neotropical relatives
of Chaetolepis include Aciotis D. Don, Arthrostemma Pav. ex D. Don, Heterocentron Hook & Arn., Microlicia D.

Don, Microlepis (DC.) Miq., Monochaetum (DC)) Naudin, Nepsera Naudin, Pterolepis (DC.) Miq., and Rhexia
L. based on a study using ndhF and rpl16 cpDNA sequences of 24 members of Melastomeae and outgroups
(Renner and Meyer 2001). Based on an expanded molecular sampling using DNA sequence data, Bucquetid
DC., Castratella Naudin, and Monochaetum are now considered the closest sister taxa of Chaetolepis (Penneys
et al. 2010; Michelangeli et al. 2013). Like Chaetolepis, the majority ol species in these genera are also restricted
to higher elevation montane environments in the Andes of northwestern South America and all have tetramer-

ous flowers. an apically setulose ovary that is four locular and free from the hypanthium, and capsular fruits.

Comparative Morphology (Characters of Taxonomic Value)—The species of Chaetolepis are easily dis
tinguished from each other by characters involving the indu

ment, anther connective, seed surface, petal
coloration, and petal

margin. The indument found on leaves, internodes, nodes, and floral organs includes
eglandular trichomes, glandular trichomes, barbellate/dendritic trichomes, and scales. The distribution of the

. It ranges from absent to densely covering the

ive prolongation ranges from absent to minutely
prolonged (<1mm). It can also be unappendaged, minutely bilobed (<1mm) on the ventral side of the connec

tive, or with a minute dorsal appendage. The seed surface is prevailingly smooth with compressed/flattened

interdigitating cells or with elongate somewhat convex interdigitating cells. The petals vary in color from yek
low to pink or magenta and their margins are either glabrous or ciliate.

laxonomic History.—Chaetolepis has been treated as a distinct genus since Miquel (1840) characterized

the placement of Chaetolepis species that had been d

escribed in other genera (Standley 1938; Wurdack 1975,
Leon and Alain 1974; Martins 1989). Prior to the cu \

vegetative and reproductive characters

some of the characters used to characterize Chaetolepis included 4-merous flowers; ovate to obovate petals

‘ | » +-locular ovaries with 2 setose apex; minimally prolonged unappendagf"d
connectives; and ovoid cochleate seeds with '
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doubt about the monophyly of the genus has persisted because no cladistic analysis of the group has ever been
undertaken to evaluate character states and their evolution.

MATERIALS AND METHODS

L. Cladistic and Biogeographic Analyses

Ingroup.—All sixteen taxa thought to comprise Chaetolepis form the ingroup for this study. Chaetolepis alpina
var. alpina, C. alpina var. latifolia, C. anisandra, C. cubensis, C. cufodontisii, C. gentianoides, C. lindeniana, C. lori-
carella, C. microphylla, C. perijensis var. perijensis, C. perijensis var. glandulosa, C. phelpsiae var. phelpsiae, C.
phelpsiae var. chimantensis, C. santamartensis, C sessilis, and C. thymifolia.

Outgroup.—To assess the monophyly of Chaetolepis, seven species among the genera Tibouchina, Mi-
crolicia, and Monochaetum were used as the outgroup. The exemplars used were T. gleasoniana Wurdack, T.
narinoensis Wurdack, T. wurdackii Almeda and Todzia, Microlicia canastrensis Naudin, M. obtusifolia Cogn.
ex R. Romero, Monochaetum amabile Almeda, and M. compactum Almeda. Tibouchina was chosen as part ol
the outgroup because Wurdack (1973) hypothesized that it likely shares a most recent common ancestor
with Chaetolepis based on many shared characteristics, such as perigynous flowers, campanulate or urceolate
hypanthia, superior ovaries that are apically pubescent, capsular fruits, and cochleate seeds. In addition, T.
gleasoniana, T. narinoensis, and T. wurdackii were chosen as part of the outgroup because the tuberculate seed
testa and foliar scales (see Todzia and Almeda 1991) are identical to those found in C. cubensis. The species of
Microliciaand Monochaetum were chosen as other members of the outgroup because of their close phylogenetic
proximity to Tibouchina based on molecular studies by Renner and Meyer (2001).

Material Examined.—Over 400 herbarium specimens, including types, were used in the phylogenetic
analysis and taxonomic revision. Specimens from the following herbaria with significant holdings of Central
and South American Melastomataceae were borrowed or studied on site: BM, BR, CAS, COL, DS, DUKE, F,
FMB, G, GH, HECASA, K, M. MO, NY, P, US, and UTMC (acronyms according to Thiers 2012). Internet images
of type specimens (JSTOR Plant Science) were examined for those taxa that were not readily available on loan.

Characters—Forty-one vegetative and floral characters were used in the analysis (Tables 1 and 2). The
ype of indument covering both vegetative and floral structures was particularly informative in this study.

Data Analysis.—The software program PAUP* 4.0b10 (Swofford 2002) was used to generate phylogenetic
estimates. Maximum parsimony with a branch and bound search was selected to evaluate the data matrix that
Was generated in Maclade 4.03 (Maddison and Maddison 2000). Two analyses were conducted. Analysis 1
Was performed 1o assess the monophyly of Chaetolepis and analysis 2 provided insight into ingroup relation-
ships after the exclusion of one of the species of Chaetolepis (C. cubensis) was prompted by the results of the
first analysis. The first analysis used 41 morphological characters and 23 taxa. Sixteen species formed the
Presumed ingroup and seven species from the genera Tibouchina, Monochaetum, and Microlica formed the
outgroup. Default options were used to run the analysis. In analysis 2, a backbone constraint was applied that
sfouped all outgroup members plus C. cubensis together because of their unique floral and/or seej'd characters
al_ld grouped all ingroup taxa together. This was done by constructing a tree in MacClade (Maddison & Mad-
dison 2000) with the data matrix, opening the file in PAUP (Swofford 2002), derooting the tree, loading the

lree as 5 baCkbone constraint in the analysis, and ﬁnally enforcing the constraint in the search.

To evaluate the strength of the different clades in the various phylogenies generated, a bootstrap analysis
“Mploying a heuristic search was utilized in PAUP. Stepwise-addition branch swapping was employed: other-
Wise,
lineages of Chaetolepis. The “trace,” “all

two analyses were conducted. The first

To gain insight ; storical biogeography of Chaetolepis,
B2 Inio the ustorics’, INogRaetee=X f the different taxa within South

"4 performed to provide insight into the origin and dispersal patterns o ou
| d Fitch opitimiz:an'on in MacClade, a data matrix in-

€rica, Central America. and Africa. This analysis use Sewiat _
presenting different geographic areas

“Oporating all C haetolepis taxa, a single area character with four states re
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Tagte 1. Morphological characters and character states used in the phylogenetic analysis of Chaetolepis.

1. Hypanthium base (glands): no glands (0); punctate, with depressions (1); sessile glands (2).

2. Hypanthium base (trichomes): no trichomes (0); smooth eglandular trichomes (1); smooth glandular trichomes (2); elongated,
slightly to greatly barbellate trichomes (3). * | | |

3. Hypanthium base (scales): no scales (0); appressed, ovate, flattened scales, basally attached with a raised thickening near the point

where scale attaches to surface, erose margin (1); appressed, lanceolate flattened scales, proximally attached without a raised thickening
near the point where scale attaches to surface, erose margin (2).

4. Hypanthium apex (glands): no glands (0); punctate, with depressions (1); sessile glands(2).

3. Hypanthium apex (trichomes): no trichomes (0): smooth eglandular trichomes (1); smooth glandular trichomes (2); elongated,
slightly to greatly barbellate trichomes (3).

6. Hypanthium apex (scales): no scales (0): appressed, ovate, flattened scales, basally attached with a raised thickening near the point

where scale attaches to surface, erose margin (1); appressed, lanceolate flattened scales, proximally attached without a raised thickening
near the point where scale attaches to surface, erose margin (2).

7. Leaf margin: glabrous (0); ciliate (1).
8. Leaf margin (pattern): crenulate (0); serrulate (1); entire (2).
9. Adaxial leaf surface (glands): no glands (0); punctate, with depressions (1); sessile glands (2).

10. Adaxial leaf surface (trichomes): no trichomes (0): smooth eglandular trichomes (1); smooth glandular trichomes (2); elongated
slightly to greatly barbellate trichomes (3): bulla- based trichomes (4).

11. Adaxial leaf surface (scales): no scales (0); appressed, ovate, flattened scales, basally attached with a raised thickening near the point
where scale attaches to surface, erose margin (1); appressed, lanceolate flattened scales, proximally attached without a raised thickening

near the point where scale attaches to surface, erose margin (2); appressed, lanceolate, flattened scales, attached entire length of scale,

erose margin (3); appressed, lanceolate flattened scales, basally attached, entire margin (4); flattened scales adnate for 4 to % their length,
distal region of scales free and triangular (5).

12. Abaxial leaf surface (glands between primary veins):
13. Abaxial leaf surface (trichomes between primary v
trichomes (2); elongated slightly to greatly barbellate tri
14. Abaxial leaf surface (scales between primary veins

no glands (0); punctate, with depressions (1): sessile glands (2).

eins): no trichomes (0); smooth eglandular trichomes (1); smooth glandular
chomes (3); variously branched and terete (4).

J: no scales (0); appressed, ovate, flattened scales, basally attached with a raised

C&, erose margin (1); appressed, lanceolate flattened scales, proximally or basally
attached without a raised thickening near the point where scale attaches to surface, erose margin (2); appressed, lanceolate, flattened

scales, attached entire length of scale, erose margin (3); appressed, lanceolate, flattened scales, basally attached, entire margin (4); flat
tened scales adnate for 4-2% their length, distal region of scales free and triangular (5).

15. Abaxial leaf surface (glands on primary veins): no glands (0):

scales, attached entire length of scale, erose margin (3):
tened scales adnate for 14-% their length, distal region of scales fr

18. Branch surface internodes (glands): no glands (0); punctate, with depressions (1); sessile glands (2).

1.9. Branch surface internodes (trichomes): no trichomes (0); smooth eglandular trichomes, sparsely pubescent (1); smooth glandulaf
trichomes, sparsely pubescent (2); smooth eglandular trichomes

moderately to densely pubescent (4); elongated sli

: * ; eglandular trichomes (1 P& ichomes (2); elongated
slightly to copiously barbellate trichomes (3). 1); smooth glandular trichomes (

2_3' At?axlal e surfaaFe \scales between primary veins): no scales (0); appressed, ovate, flattened scales, basally attached with a raised
t't‘t":k:';::g f::af the po;::’ ;he;e scale attaches to surface, erose margin (1); appressed, lanceolate flattened scales, proximally or basally
attached without a rai Ickening near the point where scale attaches to < : ' ttened

u - te, fla
scales, attached entire length of scale, er rface, erose margin (2); appressed, lanceola

tened scales adnate for 14-% their length, distal region of
24. Intercalycine lobe sinus (trichomes): '

slightly to greatly barbellate trichomes (3
25. Intercalycine lobe sinus (scales): no scales (0); a

T R S e i T

. — N —— &
e R —— — | e s



Grimm and Almeda, Systematics of Chaetolepis 721

27. Calyx vestiture (trichomes, excluding midrib): no trichomes (0); smooth eglandular trichomes (1); smooth glandular trichomes (2);
elongated slightly to copiously barbellate trichomes (3).

28. Calyx vestiture (scales, excluding midrib): no scales (0); appressed, ovate, flattened scales, basally attached with a raised thickening
near the point where scale attaches to surface, erose margin (1); appressed, lanceolate flattened scales, proximally attached without a
raised thickening near the point where scale attaches to surface, erose margin (2).

29. Calyx vestiture (glands found on midrib): no glands (0); punctate, with depressions (1); sessile glands (2).

30. Calyx vestiture (trichomes found on midrib): no trichomes (0); smooth eglandular trichomes (1); smooth glandular trichomes (2);
elongated slightly to copiously barbellate trichomes (3).

31. Calyx vestiture (scales found on midrib): no scales (0); appressed, ovate, flattened scales, basally attached with a raised thickening
near the point where scale attaches to surface, erose margin (1); appressed, lanceolate flattened scales, proximally attached without a
raised thickening near the point where scale attaches to surface, erose margin (2).

32. Androecium: isomorphic (0); dimorphic (1).

33. Connective: not prolonged or minutely prolonged (< 1mm) and no appendages (0); minutely prolonged <1mm and with 2 ventral
appendages or thickenings <1mm (1); prolonged >1mm and with 2 ventral appendages >1mm (2); prolonged >1mm and with 2 dorsal
appendages >1mm (3); not prolonged with dorsal appendage (4).

34. Apical pore orientation: ventral (0); dorsal (1).

35. Ovary apex: glabrous and non-punctate (0);smooth eglandular trichomes (1); barbellate trichomes (2).

36. Seed Shape: cochleate (0); reniform (1).
37. Seedtesta: smooth with compact, interdigitating cells (0); smooth with elongate, interdigitating cells (1); tuberculate (2); foveolate (3).

38. Leaf primary veins: mostly 1 (0); mostly 3 (1); mostly 5 (2).

39. Merasity: typically 4 (0); typically 5 (1).

40. Petal margin: glabrous or with a terminal trichome (0); ciliate (1).
41. Petal color: yellow (0); ranging from pink, purple, to magenta (1).

nwhich they are found (Table 3), and one of the 26 most parsimonious tree topologies generated in PAUP with
polytomies resolved arbitrarily. The second analysis was performed to infer how Chaetolepis taxa may have
migrated within the Andes. This analysis differed from the first analysis only in the number of area states (five)
used. In the analysis, all equally most parsimonious reconstructions (MPR’s) were examined.

Il. Chromosome Cytology

Floral bud material was collected in the field, fixed in modified Carnoy’s (Bradley 1948) solution (4 chloro-
lorm, 3 ethanol. 1 glacial aceitic acid, v/v/v) for 24 hours, transferred to 70% ethanol and stored under refrig-
eration until studied. The new chromosome count reported here for Chaetolepis cufodontisii was made from

dctlocarmine smears of pollen mother cells using a Zeiss light microscope with phase contrast and a 100x oil

Immersion objective. Drawin gs of meiotic figures were made by camera lucida at amagnification of 2100x. The

voucher collection for this new count is marked with an asterisk among Specimens cited.

Pecimens were examined and those with typical traits were used. |
A scanning electron microscope (SEM) was used to study the seed morphology of each Chaetolepis spe-

Cies. Seeds were affixed to aluminum stubs with double-stick tape and sputter-coated with gold-palladium
icroscope laboratory at the California Academy

RESULTS

L Cladistic Analyses .
Phylogf"y:—-ln the first cladistic analysis, 22 most parsimonious trees, each 1;36 steps long, were ge-neréte -
The tonsistency index was 0.66 and the retention index was 0.79. In the strict consensus tree (Fig. 1), 11
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Taete 2. Morphological character states for species of Chaetolepis and the seven outgroup taxa. Polymorphic states are represented as #/ # (ex-0/1).

Species Characters
el 3 . .58 7 8 9 10 11 12 13 14 15 16 17 18 19 20

C. alpina var. alpina 2 0 0 20y A AR g0 1 0 0 2 B G 0 0
C. alpina var. latifolia v M R 20~ @ L2 o ¢ SR 040 2 IR, 0O 0
C. anisandra 0O 0 O 0 0/10 1 0 0O 102 Ll 1 B Ve 3/4 0
C. cubensis ) TR 5 (8 - S Tt E 2ry 85 4 g2a P U 20 0 2
C. cufodontisii ' 50 2 g 1 Y e 9 0 '} 0 0 O LB § IR 0 0
C. gentianoides N D ¢ g Y4 1 0 O R i T g ¥ agveg 1 0
C. lindeniana 3 ¢ TN I | TR Y 4 0 O < e | B ¢ 349+ 8 SvE
C. loricarella X Qg o e ) Joidng g«3 D 0 120 0O 1 0 0 1
C. microphylia O 0 O t S MR | ez P Fif)« B 40 - N ¢ 5.0
C. perijensis var. perijensis 2.0 0 AR | S | o S 00 ] 0 0 1 0 0 2 0 O
C.perijensisvar.glandulosa 2 2 0 e e i Y 0 0 1 R B gy =3 0 0
C. phelpsiae var. phelpsiae ARt KR + SR i Py 1720 O 1/20 0 120
C. phelpsiae var. chimantensis 0 0 0 B 10 S 0 N y O 1 1720 0 1720 0 172 0
C. santamartensis 0 3 0 0O 0 O e 29 3 0 0 2+ D0 3 0 -0 5 0
C. sessilis 2 0B 2ivd 28 0 -3 40 8 a1 0+ave 0 0 2 0 O
C. thymifolia 0 0 O 0 010 1 0 0 G @ P 1 0 O 1 0 O 3/40
Tibouchina gleasoniana 8 2 0 0 2 ¥ 20 4 0 O g1.20 0 20 0 2
Tibouchina narinoensis G- 02 0 0 2 B oA2eD 4 0 3 0 4 0 0 4 0 0 2
Tibouchina wurdackii 0. 0.2 O B d vt 0O 5 0 B 28 ! e P | 0
Microlicia canastrensis Y IR I g 2+ BRI 0 0 O 7 R IR i 0! G 2 0
Microlicia obtusifolia 1720 0 2800 g~ D=\ B Q] <0 ] 0 O 0 0
Monochaetum amabile 0 1 0 i« 1 <0 B o 2elf) (VR i G J. .0 0 1 Q-0 } 0
Monochaetum compactum 0 1/20 0 1720 b 240 300 1 0 0 1.0 0 3 0

clades have bootstrap (BS) values greater than 50%. Clade A includes all Chaetolepis taxa and the outgroups
Monochaetum amabile, M. compactum, Tibouchina gleasoniana, T. narinoensis, and T. wurdackii (BS=81). CladeB
includes all Chaetolepis taxa except C. peryjensis var. perijensis and C. perijensis var. glandulosa and includes the
outgroups from the genera Monochaetum and Tibouchinga (BS=71). Clade C consists of all Chaetolepis taxa ex
cept C. perijensis var. perijensis, C. perijensis var. glandulosa and C. sessilis and includes the outgroups from the
genera Monochaetum and Tibouchina (BS<50). Clade D consists of all Chaetolepis taxa except C. perijensis var
peryensis, C. perijensis var. glandulosa, C. sessilis, C. alpinavar. alpina, and C. alpina var. latifolia and includes the
outgroups from the genera Monochaetum and Tibouching (BS<50). Clade E contains all Chaetolepis taxa except

C. perijensis var. perijensis, C. perijensis var. glandulosa. C. sessilis, C. alpina var. alpina, C. alpina var. latifolid,
and C. cufodontisii and includes outgroups from the

composed of the taxa C. cubensis, T gleasoniana, T. narinoensis, T wurdackii, and C. loricarella (BS=94). Clade

s, and the outgroups Monochaetum amabile and M.
compactum (BS<50). Lastly, clade 1 consists of C lindeniana, C. santamartensis, and C. microphylla (BS=63)

Ifl the second cladistic analysis, 26 most parsimonious trees 148 steps long were generated. The consis
tency index was 0.61 and the retention index was 0.74. In the strict consensus tree (Fig. 2), 12 clades have boot-
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Tuae 2. (continued) Morphological character states for species of Chaetolepis and the seven outgroup taxa. Polymorphic states are represented as #/ # (ex-0/1).

Species Characters

23 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
C alpina var. alpina g 1 9 b oD B2 0.0 .0 0<% 29 Qe D 0 0 O
C alpina var. latifolia 0 1 0 1, 3 0 0 2 0 0 O O g.'D 1 000
C.anisandra o I I 1740 O L B e o 1720 0O o 1 1 R T T (R
C. cubensis i SRE | D249 1 S AN U A2 8 AR« S | g 1 I
C. cufodontisii 0 1 0 I it 0 0 O 1 0 0O + A T 0y 0. ' 0O 0 O
C gentianoides U Y 10 S 00 A 0 0 O Sk he R e 0 0 O
C.lindeniana U 3 4§ 319 0 3. e 3 fy. © " S M g 0 1 0O 1 1
C loricarella O« 0 1 o TRk R ) B I 5 09 B N g' 0 ¢ 1 M
C microphylla 0 130 PR 0 Q% & g L 0 0 1 0 0 O
C perijensis var. perijensis 20 4 L. 0.2 0 0 & o N . e 0 0 O 0 ‘'@ O
C. perijensis var. glandulosa 2.« i O 2 1 ] ¢ G 00 © o e g g 0 R R ¢
C phelpsiae var. phelpsiae + L AT 4 0 2 1720 0 1720 0 Oyl 3 g9 120 00
C phelpsiae var.chimantensis 0 1 0 & 0 2 1720 0 1720 0 g 1 o I 1 D [ D « NN 1 TR ¢
C. santamartensis 0 3 0 3 0D .0 . JO AR 3 i ¥ '3 B 2 gy
C sessilis 0 1 0 4 0 2 0 02 g 20 D 0 0 1 OS¢ O 2 g ¢ L
C thymifolia g% < 1/40 0 0 0 O 1/20 0 L TR g ve 120 0.0
libouchina gleasoniana 0 0 4 g.l2" 8 0 2 0 O 2 0 2 .00 1 L Y 1)
Tibouchina narinoensis Q9 2 0 2 0 o SO At 0 2 O 20 118 LD SR
Tibouchina wurdackii O QG 2 o .- R 1 e S g +2 1 20 1 1 L S ) S
Microlicia canastrensis 2 274 20, & xS~ Z40ra 2~0 9 Es b3 ¥ A% 4
Microlicia obtusifolia 1 O =0 0 vl 2 g 9 2 0 G 1 2409 (O (O TRE VI
Monochaetum amabile B 3! 40 1 0 0 Y 0 8 121@ ) 3. %) g .3 3 g O 1
Monochaetum compactum 0 3 0 1720 1 1/20 0 1/20 1 8 0 DO w0 @ 0

Vite3. Taxa with four area character states used in the first Fitch optimization analysis, and five area character states usedinthe s?cond Fitch optimiza_tion analysis.
Area character states used in the first analysis are: Eastern Cordillera of the Andes (1), Tepuis of Venezuelan Guayana (2), Costa Rica, T_alamanca Cordillera (3), an_d
West Afica, Loma Mountains (4). Area character states used in the second analysis are: Sierra Nevada de Santa Marta (1 ), Eastern Cordillera of the Andes (2), Tepuis

oVenezuelan Guayana (3), Costa Rica, Talamanca Cordillera (4), and West Africa, Loma Mountains (3).

Taxa Area character states mwﬂ oy
used in first Fitch um!m'mdmd"
opitimization analysis P

Calpina var. alping l »

C alping var latifolia l 1

Canisandrag 18.2 F

C cufodontisii 3 ;

C gentianoides 4 :

Clindeniang | )

C loricarellq ! 1

C microphyiig | :

Ei:};nn::s Var. perijensis ' i

: _ Isvar. glandulosa ' y

Cghh:’lzzgz var, ph?lpsiae | 4 3

Py var, f:h:manrens:s z 4

amartensis !
C sessjlis ] :
C thymifolig ‘ :

a prolonged connective with ventral or dorsal gppen_d-
cter 34): foveolate or tuberculate seed testa (charac-

hich is composed of all Chaetolepis taxa except for
There are 13 characters that support clade

"clude an androecium that is dimorphic (character 32).
4ges (character 33); a ventral apical pore orientation (chara
“r 37); and five-merous flowers (character 39). Clade B, W
C. cubensis, js supported by the same five ambiguous characters.
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75 C. alpina var. alpina

C. alpina var. latifolia

67 C. anisandra
C. thymifolia

C. cubensis

30 96 Tibouchina gleasoniana

04 Tibouchina narinoensis

Tibouchina wurdackii

53 C. loricarella

C. gentianoides

C. phelpsiae var. phelpsiae

C. phelpsiae var. chimantensis

71

74 Monochaetum amabile

B ' Monochaetum compactum

92 C. lindeniana
63

81 C. santamartensis

I C. microphvlla
C. cufodontisii

C. sessilis

C. perijensis var. perijensis

C. perijensis var. glandulosa

Microlicia canastrensis

Microlicia obtusifolia

Y ke

—

Fi.1. Strict consensus tree generated from a branch and bound analysis of - .
““m‘m“"”““‘“““"mmmmmnmm“ﬂz: mmphohqnaldmcters(analysusn_aootstrapvaluesgmaterﬂmm

C1, of which nine are unique, three are homoplasious and one is 2

mbiguous. The unique characters include
appressed, ovate, flattened scales, 5 4

N R basally attached with a raised thickening near the point where the scaleisat
PR er? sur af:&: and ar} €rose margin on the hypanthium base. hypanthium apex, adaxial leal surface.
.. surface primary veins, branch surface internodes, branch surface nodes. intercalycine lobe Sinus,

calyx vestiture excluding the midrib. and cal idri :
i yx midrib (characters 3 ctively)
There are 4 characters that support clade C2 RPN, 23, 29, 26, ) rerpestitt

acters 16, 22, 24, and 41). The ambiguous characters are smoot
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72 C. alpina var. alpina

C. alpina var. latifolia

98 C. perijensis var. perijensis
58 C. perijensis var. glandulosa
D C. sessilis

C. cufodontisii

79 C. anisandra

C. thymifolia

100 71 C. gentianoides
C E C. phelpsiae var. phelsiae
C. phelpsiae var. chimantensis
91 C. lindeniana
2 70 C. santamartensis
B F C. microphylla
C. loricarella
i 97 Monochaetum amabile
A G Monochaetum compactum
C. cubensis
100 93 Tibouchina gleasoniana

Tibouchina narinoensis

Tibouchina wurdackii

RO Microlicia canastrensis

Microlicia obtusifolia
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yellow petals. The homoplasious characters are smooth eglandular trichomes, smooth glandular trichomes, or
harbellate trichomes on the intercalycine lobe sinus. Clade D1 is supported by six characters, of which three
are unique, two are ambiguous, and one is homoplasious. The unique characters are roughened trichomes on
the abaxial leaf surface (between primary veins), branch surface internodes, and calyx midrib (characters 13,
19.30). The ambiguous characters are roughened trichomes on the abaxial leat surface (on the primary veins)
and branch surface nodes (character 16 and 22). The homoplasious character is roughened trichomes on the
adaxial leaf surface (character 10). There are five ambiguous characters supporting clade D2 which include a
crenulate or serrulate leaf margin, punctate or sessile glands on the abaxial leat surface, smooth eglandular tri-
chomes or smooth glandular trichomes on the abaxial leaf surface, branch surface nodes are glabrous or with
smooth eglandular trichomes, and yellow petals (characters 8, 12, 16, 22, 41). Clade El is supported by eight
characters, of which four are ambiguous and four are homoplasious. The four ambiguous characters include a
crenulate leaf margin, forked intercalycine lobe sinus, calyx vestiture that is absent or with smooth eglandular
orsmooth glandular trichomes, and three to fve leaf veins (characters 8, 24, 27, 38). The four homoplasious
characters include a hypanthium apex, adaxial leat surface. abaxial leaf surface (between primary veins), and
branch surface internodes with smooth and elgandular trichomes (characters 5, 10, 13, 19). Clade E2 is sup-
ported by six characters of which two are ambiguous and four are homoplasious. The ambiguous characters
are a serrulate leaf margin and punctate 2haxial leaf surface (characters 8 and 12). The homoplasious char-
acters are sessile glands on the hypanthium base, hypanthium apex, adaxial leaf surface, and calyx vestiture
(characters 1, 4. 9, and 26). There are six characters supporting the clade consisting of only C. gentianoides,
one of which is unique, four of which are ambiguous, and one of which is homoplasious. The unique character
isa seed testa with elongate, interdigitating cells. The ambiguous characters are abaxial leaf surface lacking
glands, stalked and variously branched trichomes at the intercalycine lobe sinus, smooth eglandular trichomes
on the calyx lobes, and five elevated leaf veins (characters 12, 24 27. 38). The homoplasious character is
smooth eglandular trichomes on the hypanthium base (character 2). There are three characters supporting
the clade that includes C. phelpsiae var. phelpsiae, C. phelpsiae var. chimantensis, C. thymifolia, and C. anisandra,
one of which is an unclear derived state. This latter character state is smooth eglandular trichomes and smooth
glandular trichomes on the calyx lobes (character 30). The ambiguous characters are smooth eglandular tri-
chomes on the abaxial leaf surface and forked trichomes on the intercalycine lobe sinus (characters 12 and 24).
Three characters support the clade consisting of C. thymifolia and C. anisandra, two of which are ambiguous

and one of which is an unclear derived state. The two ambiguous ¢

glands (character 12) and calyx vestiture devoid of scales (character 27).

Historical Biogeography —The first Fitch optimization analysis, which is four steps long, places the Andes

atthe most basal node (Fig. 4). One dispersal each from the Andes to West Africa, Costa Rica, and Venezuelan

Guayana is inferred. The results of the second Fitch optimization analysis, which is nine steps long, are largely
ambiguous (not shown). However, a majority of the most parsimonious reconstructions (20 of 32) of this

analysis places Sierra Nevada de Santa Marta at the most basal node.

haracters are abaxial leaf surface with sessile

DISCUSSION

MO"OPh)’ly of Traditionally Circumscribed Chaetolepis—The ~ladistic analysis indicates that C haetolepis is not
"onophyletic as traditio;ally circumscribed because C. cubensis 15 mOTe closely related to the SREEFON axa
"tbouching gleasoniana, Tibouchina narinoensts, and Tibouchina wurdackii than to other congenerf (Fig. 1).
Chactolepis cubensis and the species of Tibouchina in the outgroup share a tuberculate seed tes[la (Flg. 6 d-[.')
ad trichomes modified into scales that are adnate to the foliar epidermis (adaxial surfa?e) for '3 to % of their
kngth_ This Species was probably transferred to Chaetolepis by Triana (1871) because of its four-merous flow-
5, markedly reduced pedoconnective and inconspicuous ventral staminal appendage. Our results, however,

Onstrate that the above characters are not synapomarphies for the genus. Based on the phylogeneﬁtic results
*nd the character dif ferences, we propose the return of C. cubensis to Tibouchina (see Excluded Species).
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Likely sister outgroup of Chaetolepis when excluding C. cubensis (Chaetolepis sensu stricto)—An analysis of
morphological data used in this study suggests that Monochaetum, not Tibouchina as proposed by Wurdack
(1973), is likely sister to Chaetolepis sensu stricto. The characters that support this relationship are a dorsal
orientation of the anther pore, four-merous flowers (Fig. 3). However, it cannot be ascertained from this study
whether these are synapomorphies for Chaetolepis and Monochaetum or for the remainder of the outgroup. Ad-
ditional similarities between Chaetolepis and Monochaetum include a four-locular ovary, cochleate seed shape,
compressed/flattened cells of the seed testa, a montane habitat in tropical America, and a chromosome number
based on x = 9 (Almeda and Chuang 1992; Solt and Wurdack 1980), although the latter two characters may
ultimately be demonstrated to be symplesiomorphies for these genera.

Infrageneric relationships and character evolution.—Despite the fact that the strict consensus tree exhibited
several areas of nonresolution, four major clades were resolved (clades D, E, Fand C haetolepis loricarellain Fig,.
2). These clades are based largely on the kinds of trichomes found on various morphological organs, a charac-
ter that Wurdack (1986) surmised was of phylogenetic importance among Melastomataceae. Trichome diver-
sity in Chaetolepis includes scales, barbellate/dendritic trichomes, smooth eglandular trichomes or smooth
glandular trichomes, and sessile glands. Chaetolepis loricarella is the only species in the ingroup with an indu-
ment of scales: thus this character is autapomorphic within Chaetolepis.

The clade comprising Chaetolepis microphylla, C. santamartensis, and C. lindeniana (Fig. 3, Clade D1) in
the second cladistic analysis showing character state change is supported by four unambiguous characters
whose character states all involve barbellate trichomes. The only other species in the analysis that has barbel-
late trichomes is Monochaetum compactum (a species within the outgroup). Thus this character state 1s likely to
be derived within Chaetolepis. Similarly, the clade comprising Chaetolepis gentianoides, C. phelpsiae var. phelp-
siae, C. phelpsiae var. chimantensis, C. thymifolia, and C. anisandra (Fig. 3, Clade E1) is supported by four unam-
biguous characters states that all involve smooth eglandular trichomes. The only other species in the analysis
that has this character is Monochaetum amabile. Thus this character state 1s also likely to be derived within

—The clade comprising Chaetolepis cufodontisii, C. perijensis var. perijensis, C. perijensis var. glandulosa,

C. alpina var. alpina, and C. alpina var. latifolia (Fig. 3, Clade E2) is supported by four unambiguous characters

whose character states all involve the presence of sessile glands on the adaxial leaf surface. This is clearly a

derived character state within Chaetolepis for these characters.
—Chaetolepis loricarella, C. lindeniana, C_santamartensis, and all the outgroup taxa have magenta colored

petals (including C. cubensis), whereas all other species of Chaetolepis have yellow petals. Although yellow pet-
alsare ambiguously placed in the character optimizations (character 41; see Fig. 3), it is clearly derived within

Chaetolepis. The same three Chaetolepis Spp. sensu stricto have petals with ciliate margins, as do C. cubensis
and all species of Tibouchina. This characteris :ferred to have evolved twice within C haetolepis, as well as once

within the outgroup, Tibouchina.
—Chaetolepis gentianoides from West Africa is the only species with elongate somewhat convex or domed
d within Chaetolepis in the strict consensus tree of

periclinal walls on the seed testa (Fig. 6 g—i) butit1s neste
the second analysis. All other species of Chaetolepis have periclinal cell walls on the seed testa that are com-
The outgroup taxa have either a foveolate or

pressed/flattened and not conspiculously elongate (Figs. 5-0).
d testa appear to have evolved only within C.

tuberculate seed testa. Elongate interdigitating cells on the see |
gentianoides and is thus autapomorphic. An expanded survey of seed micromorphology may provide a clue to

possible relationships of this species with other genera of the tribe Melastomeae in Alrica .
Historical Biogeography—The first Fitch optimization supports the eastern cordillera of the Colombian
and Venezuelan Andes as the place of origin for the genus (Fig. 4). The second Fitch optimization analysis sug-

gests an origin in the Sierra Nevada de Santa Marta, although a minority of various other equally optimal re-
—ent scenarios. The Sierra Nevada de Santa Marta in far

the Sierra de Perija (a branch of the eastern cordillera of
h independent origins (Todd & Carriker 1922; Irving

constructions of area onto the topology result in diffe
northern Colombia and its nearest montane neighbor,
the Colombian Andes) are distinct mountain systems wit
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Fic. 5. Scanning electron micrographs of Chaetolepis seeds. a~c. C. alping (Killip & Smith 18214): a. Profile view; b. Enlarged portion of seed (02

Enlarged portion of seed coat. d-f. C lindeniana (Killip & Smith 795 96); d. Profile view: e.
coat. g-i. C. microphylla (McDougal & Roldan 3640); g. Profile view: h. Enlarged portion of
0.3pm, b =0.07 pm, ¢=0.10 pm, d = 0.35 um, &= 0.28 pm, f=0.05 pm, g=0.25um, h

ion of seed
Enlarged portion of seed coat: f. Enlarged portion Of- 3=
seed coat; i.. Enlarged portion of seed coat. Scale bars:
=017 pm, i=0.08 um.

1975). The Sierra Nevada de Santa Marta is the most northern and 1Isolated |

~ ja. It
and mass in northern Colomb!
art ol the Andean region (Simpson ¢

/3; Rangel-Ch. & Garzon-C. 1997). 1
massil was underwater until the mid-Tertiary but its uplift began in ¢

has olten been considered p

. .1 b enb-
he late Miocene and continued with f
' S5, C - : . illera O
\Gansser 1955: Simpson 1975). Uplift of the eastern cordiller
Colombia and adjacent Venezuela (including the Sierra de Perija and Mérida Andes) began in the Upper LI¢

stantial block-lifting in the early Pleistocene
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C anisandra (Tate 153): a. Profile view; b. Enlarged portion of seed coat; . Enlarged
seed coat: f. Enlarged portion of seed coat. g—j. (. gentianoides
oat. Scale bars: a=0.3 pm, b=0.07 pm, ¢=0.10 pm,

m;:?fn;:.dg electron micrographs of Chaetolepis seeds. a—¢.

St coat. d-£. C. cubensis (Killip 42939): d. Profile view; e. Enlarged pOftiDI:l of

4=0.35 ix 235): g. Profile view; h. Enlarged portion of seed coat; i. Enlarged portion of seed C
=M, & =0.28 ym, f = 0.05 pm, g = 0.25 pm, h =0.17 pm, i = 0.08 pm.

rain was only achieved in Tertiary time beginning in the

‘eous b . | |
Ut substantial uplift above surrounding ter
liocene (van der Hammen 1961; Irving 1975;

Paleg |
S ‘€ne with continued upward movement culminating in the P
mpson 1975).

| Renner and Meyer (2001) postulated that ‘he occurrence of Chaetolepis gentian
Su 'r - . ~ 1 . . - - - . -
C.O[Ed from 2 long-distance dispersal event because of the “great morphological similarity between certain
Jouth ; : " ey
asi American “and West African taxa” of Melastomataceae. Our data app
Sl | | T - | ¥ -

milar study using molecular data, Givnish et al. (2004) concluded that long-distance dispersal was also re-

oides in West Alrica re-

ear to support this hypothesis. In
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sponsible for the present distribution pattern of Pitcairnia L' Hér. (Bromeliaceae), a genus centered in tropical
America with one endemic species in West Africa [Pitcairnia feliciana (A. Chev.) Harms & Mildbr.]. That study
postulated that many other South American-African disjuncts (see Thorne 1973; 1992) have resulted from
long-distance dispersal rather than vicariance events, because the split of these two continents is too old (ca.
80 million years) to account for many disjuncts, especially those that are highly similar morphologically, such
as Chaetolepis. The timing of dispersals to Africa from the Andes cannot be estimated because data from the
present study are based only on branching patterns, and not branch lengths. An independent test of whether
the amphi-Atlantic disjunction in Chaetolepis is due to ancient vicariance or more recent-long distance disper-
sal, as well as the timing of the other two dispersals inferred from the data (Venezuelan Guayana and Tala-
manca Range) will require clade divergence estimates based on molecular data, such as DNA sequences.

As lfor the distribution of Chaetolepis species within South America, long distance dispersal of different
taxa within Melastomataceae, Bromeliaceae, Cactaceae, and other families likely occurred intermittently
within South America because of climatic fluctuations during the Pleistocene, a period extending from 18
million to 11,550 years ago (Berry 1982). The movement of species within South America and beyond is specu-
lative but it may have been aided by bird migration. As bird species, like the Swainson’s Hawk (Buteo swainsoni
Bonaparte), traveled to breeding or wintering grounds along the Atlantic Coastal flyway or bird species like the
Arctic Tern (Sterna paradisaea Pontoppidan) migrated annually across the Atlantic from North America to
Europe, West Alrica, and South America and back they may have unintentionally picked up Chaetolepis seeds
on their feet as they walked through mud in search of food (Lincoln et al. 1998). The Arctic Tern is the only
example of a bird with a migratory path passing through both South America and Africa. but it is not known (o
frequent higher elevations in West Africa where Chaetolepis occurs. Further studies using molecular data are
needed to confirm or reject the placement of C. gentianoides in the genus and to estimate divergence times that
could assess the likelihood of long distance dispersal to Africa.

Venezuelan Guayana taxa such as C haetolepis phelpsiae var. phelpsiae and C. phelpsiae var. chimantensis n
clade E may have evolved as a result of vicariance. These species are closely related and have ranges that are ad-
jacent to one another. Probably through time, erosion of the sandstone landmass of the tepui landscape isolated
populationsand led to speciation. Givnish etal. (2004) estimated that “chemical dissolution and erosion should
cause the margins of adjacent tepuis to retreat from each other at a rate of nearly 2.4 km/million years. Such low
rates would permit vicariance to play a role only on tepuis that are currently quite close to each other. Vicarr-
ance seems unlikely to have played a role in speciation on tepuis that are now further apart than ca. 35 km.”

lIl. Chromosome Cytology

Meiotic chromosome numbers have been published for three species of Chaetolepis.

Favarger (1962) reported n = 9 for C. gentianoides (as Nerophila gentianoides Naudin) and Solt & Wurdack
(1980) reported n =9 for C. microphyllaand n = 18 for C. lindeniana. We report here the first count for C. cufodon-

tisii;n =9. In this species meiosis was regular in all cells studied and all figures examined at diakinesis and telo-
phase Il were clear and consistent (Fig. 7). Present data indicate that the base number for C haetolepis 15X = 9.
A base number of x = 12 has repeatedly been invoked as the original base number for the Melastomataceae and

the order Myrtales (Raven 1975; Johnson & Briggs 1984; Graham et al. 1993: Almeda 1997a; Almeda & Rob
inson 2011). A base number of x = 9 could be derived through descending dysploidy. Thus, the three species of

Chacetolepis with n = 9 have retained the base chromosome number in the genus whereas C. lindeniand, with

n = 18, is clearly tetraploid based on x = 9. Among the significant

outgroups and sister genera of Chaetolepts
Bucquetia DC. has n = 18 (Solt sroup 5

_ ' & Wurdack 1980): Monochaetum (DC.) Naudin has x = 18 (Almeda 1997b); and
T:bouchma- Aubl. has x =9 (Almeda 1997b). No chromosome numbers are known for the ditypic genus Castit
tella Naudin. Of the five patterns of chromosomal evolution

. proposed to account for the origin and diversity
of numbers for neotropical Melastomataceae (Almeda 100
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F. 7. Camera lucida drawings of meiotic chromosome figures of Chaetolepis. Meiotic stages are indicated by DIAK (diakinesis), Tll (Telophase Ih).a.C
afodontisii, n =9, DIAK. b, C. cufodontisii, n =9, TI.

[Il. Taxonomic Treatment

a“ﬁolfpis Miq.., Comm. Phy[. 72. 1840. Rhexia microphylla Bonpl., Rhex. 4, pl. 2. 1806-1808. Tyee: Chaetolepis microphylla
(Bonpl.) Migq.
Erect or ascending, laxly or compactly branched shrubs, subshrubs, or annual herbs. Distal cauline internodes
usually quadrate or subquadrangular, sometimes carinate; glabrous or covered with various kinds of tri-
chomes, scales, or glands; distal cauline nodes somewhat thickened, often covered with trichomes, scales, or
g‘ﬂﬂds like those found on the internodes but trichomes and scales when present tending to be longer. Older
hiernodes terete. Princ ipal leaves opposite, coriaceous or membranaceous, spreading or tightly appressed.;
4daxial and abaxial leaf surfaces glabrous and punctate with sessile glands, or sparsely to densely covered with
richomes or scales: blades varying in shape from linear, oblong, elliptic, lanceolate, ovate, deltoid to obovate;
With (1-)3-7 elevated. nearly parallel, longitudinal primary and secondary veins all arising from the blade
b_i"e or with secondary nerves arising from the midnerve above the blade base; margins ciliate or eciliate, en-
T, crenulate, or serrulate, often revolute; blade petiolate or less commonly sessile or subsessile. Inflorescences
fﬂfminal (sometimes terminal on axillary branches); flowers solitary. paired, or in simple dichasia (sometimes

€ 1o campanulate, ovary free from hypanthium, calyx lobes, petals, | .
ypanthia (at maturity) similar to hypanthia at anthesis 1n both size and shape but the vascular ribs conspicu-

YIS Or sometimes cryptic upon drying. Calyx lobes persistent, erect to spreading, deltoid to narrowly triangular
Gr_ hnce‘ll'iangular, apically acute sometimes rounded, margin fringed with smooth eglandular or glandular
Tichomes, Petqls four, nearly horizontal at anthesis, obovate, yellow or magenia, entire, ciliate or rarely erose
at lhe Margins, apex varying from cuspidate to obtuse, glabrous, with or without a terminal trichome. Stamens
i, SOmorphic, fertile: filaments yellow to pink or magenta when dry; anthers two-celle-d, glabrous, yetlow or
fllag_ema, linear to arcuate. tapering apically to the dorsally or ventrally inclined pore, apical pore about 0.2mm
2 dlamf‘f-'l'; Connective prolongation (pedoconncctivc) absent to minutely prolonged below the an_ther thecae (<
mlong) lacking dorsal or ventral appendages or if present then poorly developed. Ovary Superior. enveloped
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by the hypanthium, ranging from globose to ovoid, 4-locular. placentation axile, base glabrous, apex sparsely
to densely covered with minute appressed trichomes that range from smooth and eglandular to barbellate,
with a persistent crown of erect trichomes surrounding the base of the style; style glabrous, straight or slightly
curved distally, varying from yellow to magenta; stigma truncate. Fruit a dry loculicidal capsule. Seeds 0.4-1
mm long, cochleate, slightly to strongly curved, light to dark brown, raphal zone occupying 5 to 3 the length
of the seed. testa cells (with SEM) arranged in a + regular to irregular interdigitating pattern, individual cells
+ elongated, anticlinal boundaries with undulate, S-type, U-type, or V-type patterns, periclinal walls + com-
pressed/flattened or low-domed, microrelief smooth or inconspicuously striate. Chromosome number: x =9

Distribution —A montane-tropical genus with a center of diversity in the Andes of Venezuela and Colom-
bia with outlying species in the Sierra Nevada de Santa Marta of Colombia, and the Guayana Highlands of
Venezuela/Guyana at 1400-4100 m. It also ranges to Costa Rica (Cordillera de Talamanca) at 2400-3600 m
and West Africa from Senegal and eastern Guinea-Bissau to the Simandou Massif in Guinea, south to the Loma
mountains and Mount Nimba of Sierra Leone, and east to the Man Massif in the Ivory Coast at 1700-2100
melters.

KEY TO THE SPECIES CHAETOLEPIS

1. Annual herb; periclinal walls of seed testa smooth, elongate and domelike; each intercalycine sinus with a bifurcate or
trifurcate + flattened trichome; restricted to tropical West Africa (Senegal, Guinea Bissau, Guinea, Sierra Leone, and the
Ilvory Coast) ___ _ ~___ 4.C.gentianoides
1. Perennial shrub or subshrub; periclinal walls of seed testa appearing + smooth and flattened, if low and domelike then
not conspicuously elongate; each intercalycine sinus with one or more trichomes, if branched then not conspicuously
stalked; neotropical (Costa Rica, Colombia, Venezuela/Guyana).
2. Leaf margin eciliate and lacking trichomes modified into scales.
3. Principal leaves linear-oblong; petioles 0.5-1.5 mm; hypanthium beset with sessile glands; adaxial leaf surface
punctate; primary veins on the abaxial leaf surface with smooth eglandular trichomes; cauline internodes glabrous;
Costa Rica L2 y 3. C. cufodontisi
3. Principal leaves elliptic to oblong-elliptic, sessile; hypanthium with sessile glands and with smooth eglandular

trichomes; adaxial leaf surface glabrous; primary veins on the abaxial leaf surface glabrous; cauline internodes
punctate; Venezuela 13. C. sessilis

—— — =

2. Leaf margin ciliate (the minute cilia appressed, obscure and often caducous at maturity in C. perijensis) or if appear-
ing entire then fringed (at least basally) with flattened scales that have erose margins and/or an apical seta.
4. Leaf blade with a single prominent median vein evident on the abaxial surface.
5. Hypanthium, abaxial leaf surface, and cauline internodes covered with flattened scales; petals magenta 6. C. loricarella

5. Hypanthium, abaxial leaf surface, and cauline internodes with a varied indument but lacking flattened scales;
petals yellow.

6. Hypanthium with a uniform distribution of sessile glands 8. C. perijensis var. perijensts

6. Hypanthium with a uniformly distributed mixture of sessile glands and stalked glandular trichomes 9. C. perijensis
var. glandulosé

4, Leaf blade with three or more prominent veins evident on the abaxial surface.
7. Petals magenta or lilac-violet, the margins ciliate.

8. Principal leaves 3-nerved; adaxial leaf surface with bulla based trichomes; pedicels 2-5 mm long; calyx lobes

0.8-1 mm wide, acute apically =2 . 5, C. lindeniana
8. Principal leaves 5-7-plinerved; adaxial leaf surface with minutely barbellate trichomes; pedicels 1-2 mm long; Y
calyx lobes 2.5-3 mm wide, rounded apically 12. C. santamarten

7. Petals yellow, the margins eciliate.

9. Leaf margin entire; adaxial leaf surface, abaxial leaf surface, and cauline internodes covered with barbellate
or dendritic trichomes with short or well-developed axes and a moderate number of short terete arms .
7.C. microphy!

9. Leaf margin crenulate; adaxial leaf surface, abaxial leaf surface, and cauline internodes not covered with
barbellate or dendritic trichomes.

10. Base of hypanthium with smooth eglandular trichomes : 10. C. phelpsiae var. phelpsia¢
10. Base of hypanthium glabrous or with sessile glands.
11. Cauline internodes with smooth eglandular and smooth gland-tipped trichomes; primary and second-
ary veins on abaxial leaf surface variously beset with sessile glands and/or smooth gland-tipped and

smooth eglandular trichomes; distal portion of hypanthium around the torus with smooth eglandular
trichomes.

12. Abaxial leaf surface covered with sessile glands and smooth eglandular trichomes; calyx lobes
midrib with smooth eglandular trichomes, otherwise glabrous ___2.C.anisal




12. Abaxial leaf surface punctate with smooth, eglandular trichomes and smooth gland-tipped tri-
chomes; calyx lobes beset with sessile glands, stalked glandular and eglandular trichomes both on
and off the midrib _ ~___11.C. phelpsiae var. chimantensis
11. Cauline internodes with sessile glands or sometimes replaced by smooth gland-tipped trichomes;
primary and secondary veins on abaxial leaf surface glabrous; distal portion of hypanthium around the
torus lacking smooth eglandular trichomes

1.C. alpina

1. Chaetolepis alpina Naudin, Ann. Sci. Nat. Bot. sér. 3, 14:140. 1850. (Figs. 5 a—c; 8). Type: COLOMBIA: PROVINCE OF
PampLonA: at 3000-3200 m. Linden 724 (Lectoryeg, designated by Martin & Cremers 2007: P!: isoLectoryres: BM!, BR! (2], F!, G!, K!,
MPU, internet image, NY!).

Chaetolepis alpina var. latifolia Cogn., Monogr. Phan. 7:170. 1891. TypE: VENEZUELA. Province OF CARACAS: Funck 277 (LECTOTYPE, here
designated: BR!; isoLectoType: G!). The other syntype cited in the protologue, Funck 484, purportedly deposited at BR, was not seen.

Erect, compactly branched subshrub to 40 cm tall. Distal cauline internodes quadrate, winged, sparsely to
moderately covered with sessile glands or sometimes intermixed with antrorsely spreading smooth eglandular
trichomes. Distal cauline nodes like internodes except moderately covered with sessile glands intermixed with
asparse to moderate covering of smooth eglandular trichomes 1.5-2 mm long, Older internodes terete, woody
and exfoliating with age. Principal leaves coriaceous, somewhat unequal in size in each pair; adaxially moder-
ately covered with sessile glands; abaxially moderately punctate between primary and secondary veins,
sparsely to moderately covered with smooth eglandular trichomes and sparsely to moderately covered with
sessile glands on the elevated nerves or sometimes glabrous and without glands. Blades 8-13(16) x 2-3.5 mm,
lanceolate, elliptic-lanceolate to lanceolate-ovate, acute to rounded apically, acute basally, the three prominent
nerves extending the entire length of the blade; margins ciliate-serrulate; petioles 1-1.5 x 0.25-0.5 mm, mod-
erately to densely covered with sessile glands. Intlorescence a simple to compound dichasium. Bracteoles 4—7
% 1-2(=3) mm, similar to principal leaves; margins ciliate-crenulate. Floral pedicels 0.8-1.2 mm long, glabrous.
Hypanthia (at anthesis) 2.5-3.5 x 2-3 mm, urceolate or narrowly campanulate, yellow to magenta when dry,
moderately covered with sessile glands; hypanthia (at maturity) with vascular ribs often conspicuous when
dry. Calyx lobes 1.5-2 x 1-1.5 mm, erect to ascending, sometimes spreading to reflexed, deltoid to lance-trian-
gular when dry, apically acute, ciliate, moderately covered with sessile glands; calyx moderately covered with
sessile glands, sometimes with a smooth eglandular trichome on the midrib: intercalycine sinus with a smooth
eglandular trichome, sometimes with a forked trichome. Petals 6-7 x 3-3.5 mm, yellow, apex cuspidate with a

lerminal trichome, margins entire, glabrous. Filaments 5—-6 mm long, yellow; anthers 2.5-3 x 0.4-0.6 mm,

yellow, linear; pore dorsally inclined; connective not prolonged below the thecae. Ovary sparsely or sometimes
le 8—11 mm long, yellow. Seeds 0.5-0.6 mm long,

moderately covered with smooth eglandular trichomes; sty
brownish._ Chromosome number: unknown.

Flowering—Throughout the year.
Cordillera of Colombia in the departments of

de Santa Marta in the departments of

Lésar and Magdalena 1at 1700—4100 meters. Found in subparamos and paramos on rocky hillsides and cliffs.

Discussion.—C haetolepis alpina is a laxly to compactly branched subshrub that is easily recognized by its

sessile glands on adaxial foliar surfaces. cauline internodes, hypanthia, and calyx lobes. Other diagnostic ch?r-
oins that are ciliate-crenulate; an abaxial

leaf surface that is punctate between the primary and secondary veins; and elevated veins that are covered with

sessile glands and smooth eglandular trichomes. | s et .
Chaetolepis alpina is most similar to C. perijensis. Both species have sessile glands on their loliar su ,_,

1 ' ins. These tw
‘liate leaf margins, and punctate abaxial leaf surfaces between the primary and secrz:mdary Ve“: T ;S : 110
?Peqes also have smooth eglandular trichomes at the intercalycine sInuses, anthers with a pore that 1s dorsally

clined; and a seed testa that has compressed/ﬂallﬁnffd interdigitating cells. Chaetolepis perijensis diflers from

C-dlping by its sessile glands on cauline nodes, uninerved leaf blades with entire margins, and punctate abaxial
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Chaetolepis alpina has been divided into rwo varieties,
cording to Cogniaux (1891) the nominate variety has oblong

leaves 8-13 x 4-8 mm. After study of many more collections than were available to Cogniaux, we could 10
detect non-overlapping morphol

ogical differences between the two. One collection, Smith 768, that was ident*

fied as C. alpina var. latifolia differed by its lack of foliar glands and presence of eglandular trichomes on the
cauline internodes. In all other respects it i

the nominate one and C. alpina var. latifolia. A©

4667 (NY)- S; (US); Sierra Nevada de Santa Marta, se slopes, Hoya del Rio Domc:;:f
» >lerra Nevada de Santa Marta, se slopes, Hoya del Rio Donachui, Cuatrecasas & Castaneda 2

&
edro, extremo oriental de la Cuchilla Yerbabuena, FOrer

de
ral, Ortizetal N YOI22 (COL). Santander: edge ;J[DP, :mm:li'-
 Mllip & Smith 17901 (NY); Paramo de las Puentes, 3

13, Killip & Smith 18227 (NY); Pdramo de las Coloradas, ab c. - z
 Paramo de Romeral. Killip & Smith 18565 (BM, GH, MO, N
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"%.9. Distribution of Chaetolepis alpina.
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slope of Paramo de Santurban, toward Tona, Killip & Smith 19532 (GH, NY, US); Municipio de Cucutilla, Vereda El Carrizal, Pairamo de Fl
Romeral, Sanchez et al. 5138 (HECASA); Municipio de Pamplona, Vereda El Volcan, Solano et al. 35 (HECASA).

2. Chaetolepis anisandra Naudin, Ann. Sci. Nat., Bot. sér. 3, 14: 140. 1850 (Figs. 6 a—c; 10). Tyre: VENEZUELA

Bovivar: near Mt. Roraima, R. Schomburgk 663 (voLotyee: P!; 1sorvees: BM!, BR!, G!, K!, P, internet image!).

Chaetolepis thymifolia Triana, Trans. Linn. Soc. London 28:50. 1871. Syn. nov. Type: COLOMBIA. Cunpinamarca: Cordillera de Bogotd,
in the Pairamo de Choachi, elev. 3400 m, 1851-1857, Triana 36178 (soLotyPE: BM, photo of holotype, F!; 1soryee : P!).

Chaetolepis citrina Gleason, Brittonia 3:174. 1939. Type: VENEZUELA. Bovivar: Mount Auyan-tepui, elev. 2200 m, G.H. Tate 1157 (sow-
rype: NY!; 1soryees: US, internet image!, VEN, internet image!).

A much branched subshrub 0.1-1 m tall. Older internodes woody, terete and exfoliating with age. Distal cau-
line internodes quadrate and carinate to narrowly winged, moderately to densely scabrous, the eglandular
and glandular trichomes 0.4-0.5 mm long, appressed to ascending. Distal cauline nodes similar to distal
cauline internodes but with trichomes 0.7-1 mm long. Principal leaves coriaceous, adaxial surface moderately
covered with smooth, eglandular, evenly distributed spreading to erect trichomes: abaxial foliar surface mod-
erately covered with sessile glands and sparsely covered with appressed or sometimes spreading, eglandular
trichomes between the primary and secondary veins; moderately covered with sessile glands and moderately
to densely covered with erect, eglandular trichomes on the primary and secondary veins; blades 6-12 x 4-
mm, ovate to nearly deltoid, acute to broadly acute apically, cuneate basally, 3—5-nerved, the outer pair arising
from the base and continuing one third or one half the length of the blade, margins ciliate-crenulate; petioles
2—4 x 0.25-0.5 mm, ciliate and/or sparsely beset with smooth trichomes but varying to glabrate. Inflorescence
terminal, flowers solitary or borne ina simple 3-flowered dichasium. Bracts and bracteoles 5—9 x 3—6 mm, otl
erwise similar to the principal leaves, 3-nerved. sessile. Floral pedicels 0.5-1.0 mm long, or subsessile, moder
ately to densely covered with minute, erect trichomes. Hypanthia (at anthesis) 3-4.5 x 2—3 mm, campanulate.
moderately covered with erect, smooth eglandular trichomes toward the apex, glabrous basally; hypanthia (a
maturity) with vascular ribs often conspicuous when drying. Calyx lobes 2-2.5 x 1-1.5 mm. erect, narrowl
triangular, apically acute, with 1 or more smooth eglandular trichomes and/or smooth glandular trichomes
along the midrib, ciliate. Intercalycine lobe sinus with one or two forked trichomes or with a smooth eglandu-
lar trichome. Petals 7-9 x 4-5 mm, yellow, entire, glabrous, apically cuspidate, tipped with a single trichome
Filaments 3-9 mm long, yellow, anthers 2.5-4.5 x 0.5-1 mm, yellow, linear to arcuate, pore dorsally inclined

brown. Chromosome number: unknown.
Flowering—September through January.
Habitat and Distribution (Fig. 11)—M¢. Roraima in Venezu
Auyan-Tepui in Bolivar, Venezuela, from the sandstone bluffs
curs on the Sierra de Perija in Magdalena, Colombia, at 270
on the Sierra Nevada de Santa Marta and south of Bogots
temperate lorests, subparamo, and paramo. along roadsid
Discussion.—Chaetolepis anisandra is characteri
tions of the hypanthium. both leaf surfaces, cauline
glabrous hypanthium base (Fig. 10).

leaf surface (both on and between
congeners.

ela and Guyana (Wurdack et al. 1993) to Mt
to the summit at 1950-2600 meters. It also 0C
0-2800 meters in paramo and cloud forest margiss
in the Department of Cundinamarca, Colombia, .
es at 2500-3400 meters.

nodes and internodes, and midrib of the calyx; and?
The ovate to nearly deltoid leaf blades and sessile glands on the abaxid

the primary and secondary veins) of this species also distinguish it from
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F.10. Chaetolepis anisandra. A. Habit. B. Petal (adaxial surface). C1. Stamen, dorsal view. C2. Stamen, profile view. D. Hypanthium. E1. Seed, profile
View. E2. Seed, ventral view (A—E2 from Cardona 2720, NY).

Cover the entire hypanthium not just the distal region, an abaxial leaf surface that is punctate with eglandular
and glandular trichomes between the primary and secondary veins, an abaxial leaf surface that has eglandular
and glandular trichomes on the elevated veins, and cauline internodes that are sparsely covered with eglandu-

lar and glandular trichomes (Fig. 22).
Chaetolepis thymifolia has been recognized as a distinct species based on 3-nerved leaves and ovate to

Suborbicular petals (vs. 3-5-nerved leaves and obovate petals in C. anisandra). Because the petals of all species
In the genus are obovate and foliar venation is consistently 3—5-nerved in C. anisandra, we see no reason to

‘Ontinue to recognize C. thymifolia. What has been recognized as C. thymifolia occurs in central Colombia at
£500-3400 m whereas C. anisandra has traditionally been accorded a range extending from northern Colom-

bia to southeastern Venezuela at 1950-2800 m.

REPTEsenLative specimens examined: COLOMBIA. César: Valledupar, piramo bajo entre Mamancana y Nabusimake, Carboné 3654
UTMQ). Cundinamarca: Fl Portachuelo between Une and Fosca, Cordillera Oriental vert. Oriental, en el mismo Boqueron, Cuatrecasas &
Jaramillo 28795 (US); Taguate Valley, 3 km W of Gutierrez, 45 km 5 of Bogota, Grant 9651 (NY, US); Paramo de Chipaque, Karsten, s.n. (BR,

NY). La Guajira: Sierra de Perija, E of Manaure, Cuatrecasas & Castaneda 25164 (COL, F). Magdalena: Municipio de Santa Marta, Cor-

*gimiento de Minca, Sierra Nevada de Santa Marta, Cuchilla de San Lorenzo, road to Cerro Kennedy, Almeda et al. 10152 (CAS, COL); Mu-

Nicipio de Santa Marta. Corregimiento de Minca, Sierra Nevada de Santa Marta, 51 &
do, trail between Sendero Mirador and Sendero Quetzal Dorado, Almeda et al. 10167 (CAS, COL); Municipio de Santa Marta, Sierra Nevada

de Sania Marta, Estacion San Lorenzo. Carbono 982 (CAS, UTMC). VENEZUELA. Amazonas: Serrania del Yutaje, Rio Manapiare, Maguire
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35322 (G). Bolivar: Mt. Auyan-Tepui, Cardona 2720 (NY); Mt. Roraima, Quelch & McConnell 22 (K); Mt. Roraima, ascent of ledge along SW
facing side, Steyermark 58735 (F, GH, NY); Mt. Roraima, Quelch & McConnell 22 (K); Mt. Auyan-Tepui, Steyermark 94072 (NY, US); Mt
Auyan-Tepui, G.H. Tate 1157 (NY). Locality not given, Schomburgk 1013 (F, GH).

3. Chaetolepis cufodontisii Standl., Publ. Field Mus. Nat. Hist., Bot. Ser. 18:792. 1938. (Figs. 7, 12). Tyre: COSTA
RICA: Endres s.n. (noLotyee: F!).

Erect, much-branched subshrub 10-40 cm tall. Distal cauline internodes quadrate, glabrous. Distal cauline
nodes sparsely to moderately covered with spreading or appressed, smooth eglandular trichomes. Older
branches woody, terete, and exfoliating with age. Principal leaves coriaceous, spreading, adaxial surface
sparsely covered with sessile glands; abaxial surface moderately punctate, sometimes sparsely covered with
antrorsely spreading trichomes between the primary and secondary veins, sparsely covered with eglanudar
trichomes on the primary nerve, sometimes glabrous; blades 6-10 x 1-2.5 mm, lanceolate to oblong-lanceo-
late, acute to rounded apically, acute basally, 3-nerved with an elevated median nerve and depressed secondary
nerves that extend the entire length of the blade; margin serrulate and eciliate; petioles 0.5-1.5 x 0.3-0.5 mm,
glabrous. Inflorescence a simple, terminal dichasium, sometimes flowers solitary or paired. Bracts similar t0
principal leaves. Bracteoles 4—6 x 1-1.5 mm. also similar to principal leaves but subsessile or with petioles |
mm long. Floral pedicels 0.5-2 mm long, glabrous. Hypanthia (at anthesis) 3.5-4.5 x 2.5-3.5 mm, urceolate 0
subcampanulate, sparsely covered with sessile glands: hypanthia (at maturity) with conspicuous longitudinal
vascular ribs when dry. Calyx lobes 2.5-4 x 1-1.5 mm. erect to ascending, narrowly lance-deltoid, apically
acute, ciliate; calyx lobes sparsely covered with sessile glands and with antrorsely spreading trichomes on the
midrib, sometimes glabrous; intercalycine lobe sinus with one to three smooth flattened eglandular trichomes,
these sometimes bifurcate. Petals 5-7 x 4-5 mm, yellow, apex acute, margin entire, glabrous except forasingle
terminal trichome. Filaments 4.5-5.5 mm long, yellow; anthers 2-3 x 0.4-0.6 mm. yellow, linear to arcuaic,
pore dorsally inclined; connective minutely prolonged 0.2-0.3 mm below the thecae. Ovary apex sparsely 0
moderately setose; style 9-10 mm long, yellow. Seeds 0.6—0.7 mm long, brown. Chromosome number: n ="
Flowering—All year.

. Habitat and Distribution (Fig. 11).—Endemic to Costa Rica in San José and Cartago provinces on the CLor

dillera de Talamanca in paramo on exposed slopes with shrubby vegetation at 2400-3600 m.

Discussion.—Chaetolepis cufodontisii is a much-branched subshrub readily recognized by the following
characters: adaxial leaf surface and hypanthium covered with sessile

| _ glands; abaxial leaf surface punctate be
mfeen the primary and secondary veins with a few eglandular trichomes on the elevated veins (Fig. 12); leaves
with serrulate margins; glabrous cauline internodes; and dorsally in

SRR - clined anther pores.
aetolepis cufodontisii most closely resembles C. alpina of Colombia. Both species have eglandular r-
chomes on the cauline nodes. an

| . adaxial leaf surface covered with sessile glands, eglandular trichomes be-
tween fhe primary veins, and leaf blades that are 3-nerved In addition these two species have hypanthia cov

IS mes on the intercalycine sinuses. and anthers with dorsally
inclined pores.

Chaetolepis alpina differs from C cufodontisii by its ciliate-
the primary veins of abaxial leaf surfaces. cauline Internodes, a

Chaetolepis cufodontisii is also superficially similar to C._ s
these two species see the key to species.

crenulate leaf margins, and sessile glands 0D
nd calyx lobes.

essilis (Fig. 24). For major differences betweer

| : : t
la Muerte, Allen 5410 (F, G, NY, US) 1}1?0f
(F, NY); Cerro de las Vueltas along the Pan Amemﬂ;
nca, Asuncion summit, Cerro de la Muerte, Davids¢

» Fan-American Highway, 5 km above Villa Mills and

ca. 8 km ab Nivel > tis 55
ove Nivel, Holm & lltis 556 (BM, DS, F, G, K. NY, P): Cerro >dkira, Macizo Buena, Sanchez et al. 1398 (F, K); Cerro de la Muer®

Talamanca range, high point along Pan American hi
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Fie. 12 Gmemlepiswfodmﬁ.kﬂabitl&tal(adaxhlsurfm).ﬂ.smmen,dmlview.u

view. n.mmwmu—ummamms, F).

F); Cordillera de Talamanca, Vicinity of Cerro de la Muerte, Allen 5410

Buenavista complex (Cerro de la Muerte), area with television and radio towers, Davidse 24987 (CAS, MO); Dos Burros, Cerro de la Muerte
Dayton 3059 (F, MO); Buena Vista, Jiménez 2662 (F): enroute to Cerro Chirripé from Canaan and on Pico Sudeste, Weston 3652 (CAS): W
Vista, Jiménez 2663 (BM, NY); Pico Asuncion, fiménez 3382 (F); Canton Pérez Zeledan. Parque Nacional Chirripo, Valle de Los Conejos. trai

(NY); direct line from Hotel La Georgina to Cerro Frio of the Cerro

845 (MO, NY). San José/Cartago Border: Cordillera de Talamanca, vicini

Wilbur 1605 (DUKE, F); Cordillera de Talamanca, ca. 7 km NW of Villa Mills in vicinity of Cerro de la Muerte. Almeda 2710 (CR, MO); c&
35.4 km SSE of El Empalme off the Interamerican Highway,

Cordillera de Talamanca, Almeda et al. 3381 (CAS, CR, F, GH, INB, K, eda
MEXU, MO); ca. 28 km SSE of the La Cima turnoff from the Interamerican Hwy. on slopes of Cerro Sakira, Cordillera de Talamanca, Alm
& Wilbur 3426* (CAS, CR, INB, K, MO, MBM. NY); Cordill

era de Talamanca ca. 35 km SE of El Empalme and ca. 11 km NE of Villa Mills
Almeda et al. 4251 (CAS): just below the highest point on the Interamerican Highway, NW of1 a Asuncion, Burger & Baker 9518 (F, MQ); nedf

: :ohway,
. & Gentry 8541 (F): Cerro Buena Vista, Cerro de la Muerte, Panamerican hlgh*;-J
Cordillera de Talamanca, Fosberg 27316 (NY): Cerro de la Muerte, Liesner & Heithaus 24] (MO): Asuncion (summit of Cerro de la Muerte)

km from San José on the Pan American Highway, Mori & Anderson 207 (F); edge of the paramo ca. 2 mi NW from La Asuncion on the Cj[
retera Interamericana towards El Empalme, Wilbur & Almeda 17391 (DUKE. F): ca. 2 km SE of La Georgina and 8.3 km SE of L Asuncion
along the Carretera Interamericana, Wilbur 21192 (CAS, DUKE); slopes of Cerro Sakiraat the Paramo Buenavista, Wilbur et al. 23754 ( DUKE
F); on the upper slopes of Cerro Zacatales ca 1 km NW of Asuncion, the high point on the Interamerican Highway, Wilbur et al. 239

(DUKE, F); in the vicinity of Paramo Jaboncillo ca. 84 km on the “arretera Interamericana, Wilbur 32416 (DUKE, MO). Unknown locatio®™
Paramo de Abejonal, Pittier 2278 (G): Paramo de Abejonal, Tonduz 7823 (BR[2], G); Cuesta de Tarra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>